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Project Description
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Proiect Descrinii

This 1 and 2 story project is to provide approximately
9,500 gross square feet of office space for one of two

possible sites:
(a) Charleston, South Carolina

(b) Radiord AAP, Virginia

Soll conditions are unknown st both sites.

The folic wing project criteria has been established:
1. Thosa’x?Zspaeoonmeﬁtstlwdshdbecohmfreefuopenofﬁeeplming.
2. The 12 v 7 first and second floor areas shall provide 24' square bays.

3. The Srzt oor ehall be &SIl on grade with the tops of perimeter continuous wall footings set at 2-6
below grade. Column footings will be isolated spread footings.

4. The second floor occupancy live loads located on the plan are:
Offices: 50 pst
File Storage: 150 pst
Corridor, Stair & Lobby: 100 pst

5. Structural framing schemes to be designed and compared shall be as follows:

Scheme A: All steel, non-composite,
lsteral load resistance = rigid frames.

Scheme B: All steel, composite,
|ateral load resistance = X braced frames.

Scheme C: Monolithic concrete for two story portion, steel for lower root portion,
lateral load resistance = shear walls.




Project Description

6. The typical exterior envelope consists of 5° limesione panels, 1° rigid insulation, 3-5/8" metal studs, and
. 5/8" drywall.

7. Window and door openings are uniformly distributed to all elevations.

- 8. Load Assumptions:
Importance
Category Category
| Cc
| Cc
v

i

9. Material Assumptions:
Concrete: 4,000 psi, NLWT

Steel Reinforcing: Grade 60
Steel: A36

10. Fire resistance rating shall be achieved by a wet sprinkier system.

s
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Floor/Roof Framing Grids & Openings
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Truss
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Computer Aided Structural Modeling

Libnl Resistance

v

Define Diaphragm Fleoxdble

Define Lateral Trussing

Rigid Frame

Shear Wall

Analysis

independant Sub-Programs

v y v

Design Loads Member Self 2-D Analysis l Member Design
E————— Waeight Estimating Spreadsheets
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Project Project Data
e —————— Project Name: Office Building - Scheme A
City/Instaliation: Radford AAP City/Installation
Country: UsA
State: VA v
County: Pulaski
Design Load: T™ 5-809-1 1991 Select Radford AAP
Building Code: BOCA From List
Seismic Code: T™ 5-809-10 1991
Elevation Above Sea Level: 3300 ft
No. Of Stories: 2
Floor Area: 8504 sq ft
Occupancy: Use Group B
Type Const 3A
Seiamic Lateral Loaa Resistance
| N-S System: Blank
i E-W System: Blank
Regional Review Regional Data
wind
Basic Wind Speed: 70.0 mph
Coastal: No
Maximum Wind Speed: 58.0 mph
Wind Direction: SE
Snow
Ground Snow Load: 25.0 psf
Maximum Snow Depth: 150 in
Snow Density: 17.3 pct
Rain
Average Annual Rainfall:  44.0 in
Masximum Rainfall: 40 in
Temperature
Maximum temperature: 92 °F
Minimum Temperature: 24 °F
Seismic Zone: 2A: 0.150
Frost Depth: 22 in

11
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BJ Basic Design Criteria
0 Al Other

B Print To File
Execute Notepad

Site __I—-H Site Specific

wind
Exposure: c
Importance: | 1,00

Snow
Exposure: C 1.00
Importance: i 1.00
Roof Slippery: No
Thermal Factor: 10

Seismic
Importance:  jv:  1.00
Soil Flcbf: 53: 1_5

Soil
Blank

> Print Data

LeftMargin: 0Sin
Right Margin: 0.0 in

Print File

A ———

Exit Notepad
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Criteria

Basic Design Criteria

Project Data

Project Name Office Building -~ Scheme A

City/Installation : Radford AAP
Country : USA

State t VA

County + Pulaski

Design Load + TM 5-809-1 1991
Building Code : BOCA

Seismic Code t TM 5-809-10 1991
Elevation above sea level : 3300 fe.

No. of Stories : 2

Floor Area H 9504 sqft.
Occupancy t Use Group B
Type of Construction s 3A

Seismic Lateral Load Resistance

N-8 System :
N-S Rw H 0
E-W System H
E-¥ Rw H 0
Regional Data
Wind
Basic Wind Speed : 70.0 mph
Coastal H No
Maximum Wind Speed ] 58.0 mph
Wind Direction ] se
Snow
Grownd @« v Taad s 25.0 psf
Maxzimum Snow i-epth s 15.0 in.
Snow Density t 17.3 pef
Rain '
A"®_2Qw ......us Rainfall H 44.0 in.
Maximum Rainfall H 4.0 in.
Temperature
Mazimum Temperature ] 92.0 deg I
Minimum Temperature t =-24.0 deg P
Seismic Zone : 2A : 0,150
Frost Depth H 22 in.
Site Specific Datas
Wind
Exposure ? c
Importance : I H 1.00
Snow
Exposure 1 C t 1.00
Importance : I H 1.00
Roof Slippery H No
Thermal Factor H 1.0
Seismic
Importance : IV ] 1.00
Soll Pactor : 83 s 1.8

Notes
Importance Factor for Snow and Wind:
I  All buildings snd structures except those listed below.
I Buildings and structures where primary occupancy is one in which
more than 300 people congregate in one area.
II1 Buildings and structures designated as essential facilities,
including, but not limited to:
Hospital and other medical facilities having surgery or emergency
treatment areas.
Fire or rescue and police stations.
Primary communication facilities and disaster operation centers.
Power stations and other utilities required in an emergency.
Structures having critical national defense capabilities,.

13




IV Buildings and structures that represent s low hazard to human life
in the event of failure, such as egricultural buildings, cerztain
temporary facilities, and minor storage facilities.

wind Exposure Categoryt
Exposure Ci
Open terrain with scattered obstructions having heights
generally less than 30 ft.
Snow Exposurs Category!

Exposuze C:

Locations in which snow removal by wind cannot be relied on to reduce
roof loads because of terrain, higher structures, or several trees
nearby.

¢ The conditions discussed should be representative of those that are

likely to exist during the life of the structure. Roofs that contain

several large pieces of mechanical equipment or other cbstructions do

not qualify for siting category A.

Snow Thermal Factor:

Heated Structure.

* These conditions should be representative of those that are likely

to exist during the life of the structure,

Importance Factor for Seismic:

I. Essential Facilities

Hospitals and other medical facilities having surgury end emerge. -,
treataent areas.
Fire and police stations.
Tanks or other structures containing, housing or support.ng water
or other fire-suppression materials or equipment required for the
protection of essential or hasardous facilities, or spe:ial
occupsncy structures.
Emergency vehicle shelters and garages.
Structures and equipment in emergency preparedness ~enters.
Stand~by power generating sgui.=:=t for essential facilities.
Structures and equipment in cumsunication cantare end other
facilities required for emergency response.

I1. Hazardous Pacilities

Structures housing, aupporting or containing sufficient gquantities
of toxic or explosive substances to be dangerous to the safety of
the general public if released.

I1I. Special Occupancy Structuze

Covered structures whose primary occupancy is public assembly -
capacity more than 300 persons.

suildings for schools (through secondary) or day-care centers -
capacity more than 250 students.

Bulildings for colleges or adult education schools - capacity more
than 500 students.

Medical facilities with 50 or more resident incapacitated patients,
but not included above.

Jails and detention facilities.

All structures with occupancy more than 5000 persons.

Structures and equipment in power generating stations and other
public utility facilities not included sbove, and required for

IV. Standard Occupancy Structure

All structures having occupancies or functions not listed above.
Seismic Soil Factor:

$3: A s0il profile 70 feet or more in depth and containing more than
20 feet of soft to medium stiff clay but not more than 40 feet of
soft clay.

The site factor shall be established from properly substantiated

geotechnical data. In locations where the soil properties are not

known in sufficient detail to determine the soil profile type, soil
profile 83 shall be used. Soil profile S4 need not be assumed unless
the Building Official determines that soll profile 54 may be present

at the site, or in the event that soil profile S4¢ is established by
geotechnical datas.

14
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A. Simplify the geometric model

For buiidings with repetitive wings, only one wing needs to be modeled.

insignificant portions such as chimneys, dormers, and small projections, shouid not be modeled.

J

Extra wings ors not necessary Simplified model

B. Make sure planes are in contact
A gap between adjoining shapes will make *he surfaces exterior.
Use the Stack options to accurately place adjoining shapes.

C. Do not intersect shapes

When modeling parapet walls, make sure the comers do not intersect.

2

incorrect Correct

D. Verify the model

Use the Tape Measure command, zoom in on a plan, elevation and 3-D views to veriy the model.

17
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Use Draw Model
Tool Palette
Establiah initial
Ground Plane Units Initial Object v Stack On
Slxe Ground
Size: 100°x 100’ Increment 4* Plane
Spacing: 20 x 20 Display: ft-in g‘f’v g::
v v V.
Show Ground Plane | Snap To Units Height 140"
Plane Thickness: 10"
Crientation: N-S
s ———
Draw Building DrawFit || Fosoncubeon | i Double Click Right
Volume Floor Volume Ground Plane i Mouse Key To End
vy - . e TN -
Draw Second v StackOn Last AN
Place Cube On LR
Last Shape
Drag Plane To
Correct Dimension
E-W: 49'¢%"
DOraw Gable > Place Prism On
Roof Volume Last Shape
v Lock N-S & E-W
Nrag Edge To
Correct Root Slope
Slope: 58in 12
A4 v ‘L
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v

L

Draw Building Draw Gable Unlock N-S & E-W
Volume Roof Volume
AR ——
Draw Parapet 3 Initial Object Size
Walls
S — H.bht 40"
!
1
'@
]
Remove Gable
Root Volume
\
Check Building
Tape Measure Plan. Elevation Zoom And Pan
And Section
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Snow Loads
-
Stant J
\\
v
Use Loads And
Design Tool Palette
v
Calculate Snow
Loads Review Criteria
_“ w :wﬂh’ o'} ™M
Sor b LI o WM
S
View Uuigcut ! View Section s ” & ) %
- ¢ Swe Conbiond ) ,._.,==.=.==.=.=m!4;.==ﬂ;m
..)
Print Screen
@ Printer
View Caicalations
Seroll Output I
Page Setup
Let Margin: 0Sin
Right Margin: 0.0in
Print File
—> View Perspective (3D) Solid Object
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Snow Loads

Snow Unbaionced (psf)
Snow Balonced (psf)

Snow Orift (psf)
Snow Sliding (psf)

Snow Combined (psf)

_>

Snow Unbalanced {psf
Snow 3alanced (psi}

Snow Drift (psf)
Snow Sliding (psf)

Snow Combined (psf)

_>

239 29.0
<, F TR T o = 2 T T e ) 2 " N S R 2 2 X __X r r__9

o400 0.0 g33?
65.4 58.2

250 [T 25.0 T

L remen” il Junar FA T S T fl_%o XS T % A3 w3
49.0 49.0
S 1 K 0Qewr—s"]
740 740
25.0




Snow Loads

pProject : Office Building -~ Scheme A
Location : Radford AAP

Design Load : TM 5-009-1 1991

Time : Sat Jan 25, 1992 5:40 PM

(X212 XTTTXXXT 2L 2 24 rl.t/u.n-ro Roc‘ Snow I.o.d D..iqﬂ T2 A2 2 R A0 44

Flat Roof Snow Load (Pf)

Pf = 0.7*Ce*Ct*1*'Pg

Snow Exposure Categorys C

Ce = 1.0

Heated Structure.

ct = 1.0

Importance Category: I

I =1.0

Pg = 25.0 paf

Pf = 17,50 pst

Roof Slopes 0.00 in 12

Theta = 0 deg

Check minimum Pf where theta <= 15 deg
When Pg > 20.0 psf, min Pf = 20*1

Min Pf = 20,00 psf

Since theta < 1/2 in/ft, 5 ,<f rain-on-snow surcharge applies.

*
+

| Pf = 25.0° paf i

Y

Sloped Roof Sncw Load (Ps:

Ps = Ca*pf

Roof Slippery. Mo

Cs = 1.00

+ +
[ Pa = 2F 00 paf ]

EREERORNONNBRNPNRAOERNOOIOROSY Dr*!t Snow u.d D..ign P TITXTZTYTTT R RS S 222 A2 A 0 4

Pg = 25,0 paf

Snow Density = 17.23 pet

Pe = 20.00 psf (rain-on-snow surcharge not included)
hb = Pe/density

hb = 1,16 £t

Projection Height = 4,00 ft

he = height-hb

he = 2,84 £t

hc/hb = 2.45 >= 0.20 Therefore consider drift load.
Importance Category: I

I =1.0

Snow Exposure Categorys C

Ce = 1,0

Separation = 0.00 ft

lu = 35,17 ft

hd = 0,43%1u~1/3%(Pg+10)~1/4-1.5

hd = 1,93 ft

Width of drift: W = minimum of 4*hd or 4*hc >= 10 ft
w = 4*hd = 7,71 ft

w = 4*he = 11.36 ft

+ +

! W = 10.00 ft |

T T T T 3

hd = hd*(20-3)/20 = 1,93 gt
hd <= he

Pd = hd*density

e L T P Y

| Pd = 33,23 pet |

L LT T L T )

28




(2232222 2221222222322 21 th!t Snow Lo.d D..*qn (A2 A2 AL 22222222 2222 2]

Pg = 25.0 pef

Snow Density = 17.23 pcf

Ps = 20,00 psf (rain-on-snow surcharge not included)
hb = Ps/density

hb = 1.16 ft

Projection Height = 4.00 £t

ho = height-hbd

he = 2.84 gt

hc/hb = 2,45 >= 0.20 Therefore consider drift load.
Importance Category: 1

I =1.0

Saow Exposure Category: C

Ce = 1.0

Separation = 0.00 £t

lu = 72,00 £t

hd = 0.43*1u”1/3*(Pg+10)*1/4-1.5

hd = 2.85 £t

Width of drift: W = minimum of 4*hd or 4*hc >= 10 ft
wew 4*hd = 11.40 £t

ww 4*he = 11,36 ft

We 11.36 £t

-+
+ — +

hd = hd*(20-8)/20 = 2,85 £t
hd > he, therefore hd = hc = 2,84 £t
Pd = hd*density

| Pd = 49.00 pat

-+

(A X222 A2 2222222 22222222 ) Dtlgt Snow Lo.d D..iqn LAZAAZAZERZ2 222222 RN N 23

Pg = 25,0 psf

Snow Density = 17.28 pef

Ps = 20.00 psf (rain-on-snow surcharge not included)
hb = Pg/density

hb = 1,16 ft

Projection Helight = 14,00 ft

hc = height-hb

he = 12,04 £t

he/hb = 11.08 >= 0.20 Therefore consider drift load.
Importance Category: 1

I =1,0

Snow Exposure Category: C

Ce= 1,0

Separation = 0.00 f¢

lu = 49,67 £t

hd = 0.43*1u”1/3*(Pg+10)~1/4-1.5

hd = 2,34 £t

Width of drift: W = minimum of 4*hd or 4*hc >= 10 ft
w e 4*hd = 9,38 ft

W e 4*hc = 51,36 f¢

tomccmccnccecnersnaaa ————

] W e 10,00 ft |

F T —m——————

hd = hd*(20-8)/20 = 2,34 ft
hd <= hc
fd = hd*density

F T . ceccaan- ———

| Pd = 40.44 psf 1

P L L T T Crmmmee—d
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Defaults: Height Ratio: 0.75

Plen Ratio: 0.75







Caicuiate Wind | >l Review Criteria
* % Opening Coefs: -0.25 & +0.25
@® Main Wind Force Resistance System
I s I 1 T
1 1 b ) 1
View Output I View Section % i ) 6 6D N Y )
& '”‘ T YT Y I T L 1 m
s
Print Screen LU
@® pri —
i rinter O
—>»1 View Calculations Print Dsta
Wind
Al Other
Print To File
X Execute Notepad
Scroll Oufput
Page Setup
LeftMargin: 0S5in
Right Margin: 0.0 in
Print File
Exit Notepad
View Perspective (3D) > Solid Object
v \ 4
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Main Wind Force Resisting Loads

View Output \‘—‘ Show Loads
] Gw = 0
GCpi Positive
GCpi Negative
B & L Assumptions

)
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Main Wind Force Resisting Loads
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121
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Main Wind Force Resisting Loads

Project 1 Office Building = Scheme A
Location 1 Radford AAP

Design Load ¢ TM 35-009-1 1991

Time t Tue Feb 18, 1992 4116 PM

AARARRANRARRNORAROEAANARARAARS 'u'd u.d - ] ARASEANRACNARAAANANARRAAARRARS

Velocity Importance Exposure Width Length Roof Type
Factor Perpend. Parallel
to Wind to Wind
(mph) (£e) (£e)
70.0 1.00 c 3¢.0 73.7

Distance to ocean line >= 100 mi. h/d = 0.39 <= §

SRR ABERANRAARAAAARAARAS Main rr‘-‘nq PLessures "0t ittatanadsdasandass

Parallel to Ridge or Length

Location zorh Gh Xz qz Cp External Pressure P (psf)
(fe) pa?} GCpi=0 -0.23 0.25%
Windward Wall
parapet 18.0 1.32 0.84 1C.5 o0.80 11.1
level 1 14.0 1.32 0.80 10,0 0.80 10.6 13.1 8.1
level 1 0.0 1.32 0.80 10.C 0n.80 10.6 13.1 8.1
Leeward Wall 14.0 1.32 0.80 10.0 -C.30 -4.0 -1.5% -6.5
Side Wall 14,0 1.32 0.80 10.0 ~0.70 -9.¢ -6.7 -11.7
Root 14.0 1.32 0.80 1¢.0 -0.70 -3 2 -6.7 ~11.7
Internal 14.0 0.80 10,0 0.2 <.5 4.5

AARCARRAARNANN AR AAQGRAARARARGS 'w l'o.d - D REBAAARNRNANNANRASASASARRANEREN

Velocity Importance Exposure Width wenytn hootf 1ype
Factor Pezpend. Parallel
to Wind to ¥Wind
(mph) (fe) (fe)
70.0 1.00 c 73.7 49.7

Distance to ocean line >= 100 mi. h/d = 0.56 <= S

RANAARRARANERNINANARARNAD n.in rmmq ’r.-.u.. RAABANNRANARRARARRLCAANRNAANN

Parallel to Ridge or Length

Location zorh Gh Kz qz Cp External Pressuxe P (psf)
t£e) (paf) GCpl=0  -0.2% 0.25

Windward Wall
level 3 28.0 1.26 0.96 12.0 0.80  12.1 15.1 9.1
level 2 -2 21.0 1.26 0.88 11.0 0.80 11.1 14.1 8.1
level 1 -2 7.0 1.26 0.80 10.0 0.80 10.1 13.1 7.1
level 1 0.0 1.26 0.00 10.0 0.90 10.1 13.1 7.1
Leeward Wall 20,0 1.26 0.96 12.0 -0.50 -7.6 -4.6 -10.6
Side Wall 28.0 1.26 0.96 12.0 =0.70 -10.6 -7.6 ~13.6
Roof 28.0 1.26 0.96 12.0 -0.70 ~10.6 -7.6 -13.6
Internal 28.0 0.96 12.0 0.0 -3,0 3.0




RN EOOR ARG R GO RS RO RRRNNANROY wind Load - 3 et eRetdddddoandttodesRdtteed

Velocity Importance Ezposure Width Length Roof Type
Factor Perpend. Parallel
to Wind to wWind
(mph) (£e) (£e)
70.0 1.00 [+ 49.7 73.7

Distance to ocean line >= 100 mi.

h/d = 0,56 <= 5

CARNCANRNSSOORROPIRORNRNACTS Main "_‘ng Pressures T2 2T R 2 222 2 2 A4 dd )

Parallel to Ridge or Length

Location gorh Gh Ke qt Cp Externsl Pressure P (psf)
(£e) (pat) GCpi=0 -0.25 0.28

Windward Wall
level 3 28.0 1.26 0.96 112.0 0.80 12.1 15.1 9.1
level 2 -3 21.0 1.26 0.88 11.0 0.80 11.1 14.1 8.1
level 1 -2 7.0 1.26 0.80 10.0 0.80 10.1 13.1 7.1
lavel 1 0.0 1.26 0.80 10.0 0.80 10.1 13.1 7.1
Leewartd Wall 28.0 1.26¢ 0.96¢ 12.0 -0.40 -6.0 -3.0 -9.0
Side Wail 20,0 1.26 0.9¢ 12.0 -0.70 -10.6 -7.6 -13.6
Roof 28.0 1.26 0.96 12.0 -0.70 -10.6 -7.6 -13.6
Intexrnal 20.0 0.96 12.0 0.0 ~3.0 3.0

(222X RSS2 A2 22 2222 2]

wind Load - 4 [T222222X22 222222 X222 22002 224 J

Main Wind Force Loads

Veloci.* Tw,yortance BExposure Width Length Roof Type
Factor Perpend. Parallel
to Wind to wWind
{uph) (£e) (ge)
70.0 1.00 c 73.7 36.0

Distance to ocean line >= 100 mi. h/d @ 0,39 <= §
CRONBORNOEENNC OB R LR RROEROY hin ’t..‘.n’ 'r..‘u“. YIRS RISRR2 2222 42 2 1)

Parallel to Ridge or Length

Location zorh Gh Kz qz Cp External Pressure P (psf)
(fe) (paf) aCpi=0 -0.283 0.25%
Windward Well
parapet 1.0 1.32 o0.84 10.5 0.80 11.1
level 1 14.0 1.32 o0.80 10.0 0.80 10.6 13.1 8.1
level 1 0.0 1.32 0.80 10.¢ 0.80 10.6 13.1 8.1
Leeward Wall 14.0 1.32 0.80 10.0 -0.50 ~6.6 ~4.1 -9.1
Side Wall 14.0 1.32 0.80 10.0 -0.70 -9.2 -6.7 -11.7
Roof 14.0 1.32 0.80 10.0 -0.70 -9.2 -6.7 -11.7
Internal 14.0 0.80 10.0 0.0 ~2.5 2.5

XXX ARAS R 22222 A2 2 2222 2]

Wind Load ~ 5 *etecsncattanrsnntttstattssnce

Velocity Importance Exposure Width Length Roof Type
Factor Perpend. Parallel
to Wind to Wind
(mph) (fe) (ft)
70.0 1.00 Cc 73.7 49.7

Distance to ocean line >= 100 mi.

h/d = 0.56 <= 5




Main Wind Force Resisting Loads

2222222222322 2222222 22221 H.in 't.-lnq Pressures T ITZYTEI IR 22242 24 0 24

Parallel to Ridge or Length

Location g orh Gh Kz qz cp External Pressure P (psf)
(£t) (psf) GCpi=0 -~0.2% 0.2%

Windward Wall
level 2

20.0 1.26 0.9¢ 12.0 0.80 12.1 15.1 9.1

level 1 - 2 14.0 1.26 0.80 10.0 0.80 10.1 13.1 7.1
level 1 0.0 1.26 0.80 10,0 0.80 10.1 13.1 7.1
Leeward Wall 28.0 1.26 0.9¢ 12,0 -0,50 -7.6 -4.6 -10.6
Side Wall 20.0 1.26 0.96 12.0 -0.70 -10.6 -7.6 -13.6
Roof 28.0 1.26 0.96 12.0 -0.70 -10.6 -7.6 -13.6
Internal 20.0 0.96 12.0 0.0 -3.0 3.0

Notes for main framing:
Positive pressures act toward surfaces.
Pressure or suction = P = q*Gh*Cp-gh* (GCpi)
q: gz for windward wall evaluated at height z.
qh for leeward wall, side walls, and roof evaluated at
mean roof height.
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Yes. Use Code Provision
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Wind Components & Cladding Loads

y

. ViewOutput View Calculations Print Data
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BJ Execute Notepad

S

Scroll Output

\
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Right Margin: 0.0in

Print File

v

Exit Notepad

Yiew Perspecive (3D) —> Solid Object ]’

Show Loads

Components & Cladding
Zone Areas
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Wind Com rits & Cl Loads

Wind Lood: Componenis & Cladding (psf)

__>

175

Wind Load: Components & Cladding (psf)

1y

218




Wind Components & Cladding Loads

Project ¢ Office Bullding - Scheme A
Location : Radford AAP
Design Load : TM 5-809-1 1991

Time Sat Jan 25, 1992 5:49 PM

LAAAL A AL AL AR 2 2 DY TRy YR ey “ind Lold LA A A R A A A A A2 A R R R X P RSS2 R X 2

Velocity Importance Exposure width Length Roof Type
Factor Perpend. Parallel
to Wind to Wind
(mph) (fe) (ft)
70.0 1.00 [of 49.7 73.7

Distance to ocean line >= 100 mi. h/d = 0.56 <= 5

Height Kh qh GCpi
(ft) (psf)
28.0 0.96 12.0 ~0.25 0.25

Height <= 60 ft

A4 AL A2 PR XY c°mp°n.nt/c1.ddtnq Pte"uz.. (P*f, AR AR A 222 X2 222X

- ~=~{nlls-=~ -ce-
Windward Leeward
Tributary Zone 4 Zone 5 2cwe 4 Zone 5
Area (sf) middles corners n ddles corners
GCp P acr » = P op c

Internal -3.0 -3.0 3.0 3.0
Limestone Panel 4..7 £t x 14.70 2. =+

65.3 1.21 17.5 1.21 W72 ~1.97 is 7 ~1.57 =-21.8

a= 5,0 ft

Notes for components and cladding:
P = gh(GCp)=-gqh{GCpi)

Internal pressures have been included in above values.

* For roof overhangs: algebraically add this pressure
to the above values. P = gh(GCp) = 0.8qh

To comply with TM 5-809-1, wall external pressures

have not been reduced 10% per ASCE figure 3, note 3.

‘* For a rectangular tributary area, the width of the area
need not be less than one-third the length of the area.




Stant J
v
Use Loads And
Design Tool Palette
Live Loads Use Occupancy (LL)
Add
Office: Offices 50 psf
Add
Office: Corridor {Main)
100 psf
. Md e
' | Office: Files & Storage §- =
80 pst
increase Files &
Double Click On
Storage Load To o
150 pst Files & Storage
Stop Using
Occupancy (LL)
Dead Loads 1 Floor Dead Lozds Use Floor (DL)
- | T
Input
Name: Second Floor
Type psf
Partition: 51-100 polf 6.0
Finish: Carpet & Pad 1.0
Deck: MTL DK 20/NLWT 25 420
Structure: Steel Beams 00
Mechanical: Mech A/C Ducts 30
Electrical: ElecvLighting 10
Fire Protection: Sprinkiers Wet 20
Ceiling: Susp Chnl/Tile 2.0
Total: 570
v v v

Scroll To Find

| Load Type & PSF 1

Double Click
On Load Type
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Dead & Live Loads

i

Y v

v
Dead Loads Floor Dead Loxds | Save
: Stop Using
! Floor (DL)
!
! A 4
| Roof Dead Loads |-—>|  Use Roof (DL)
Input
Name: Lower Roof
_Type pst
Roofing: Single Ok 15
Deck: MTL DK 1.5/nN VT 25 36.0
Structure: Stecl Bar Jst 24'@4’ 18
Mechanical: Meach &/C Ducts 30
Electrical: Elect/l.ighting i 0
Fire Protection: Sprinklers Wet 2>
Insuiation: Rigid Roof ins 3" 24
Ceiling: —
Tzl a7
. .. o
y R
' Save z
input
Name: Upper Roof
Type psf
Roofing: Single Ply 15
Deck: Steel 1-1/2" 20ga 25
Structure: Steel Beams 00
Mechanical: Mech A/C Ducts 30
Electricai: Elect/Lighting 1.0
Fire Protection: Sprinklers Wet 20
Insulation: Rigid Roof ins 3" 24
Ceiling: Susp Chnl/Tile 20
Total: 144
Save
} Next To View
' Lower Root Load
| ¥
|
i Stop Using
| Roof (DL)
i
!
v v




Dead & Live Loads

y

y

Dead Loads Wall Dead Loads Use Wall (DL)
R _
Input
Name: Exterior Wall
Type pst
Finish: Limestone §" 68.8
Sheathing:
Structure: St Stud 16ga 4"@16 11
Insulation: Exp Polyst Rigid 1* 0.2
Finish: Gypboard 5/8° 3.1
Total: 732
Save
Input
Nan.e. Parapet
Type =-pot-:
Finish: Limestone 5" . — 588~
Sheathing: -
Structure:
Insulation:
Finish:
Total: 68.8
S
Save
Next To View
Exterior Wall Load
Stop Using
wall (DL)
\ 4
Print Print Data
[ Loads
O Al Other
EJ Print To File
Execute Notepad
v ‘l‘

- .

L o




Dead & Live Loads

y v

Print Scrotl Output

Y

Page Setup

Left Margin: 0Sin
Right Margin: 0.0in

v

Print File

R

Exit Notepad




5
i

Loads

rloor Dead Loads

Name ¢ Second Floor

TYP® psf
Partition s+ 51-100 plf 6.0
Finish : Cazpet & Pad 1.0
Deck t MTL DK 2.0/MIMT 2.5 42.0
Structure 3 Steel Beams 0.0
Mechanical : Mech A/C Ducts 3.0
EBlectrical : Elect/Lighting 1.0
Fire Protection: Sprinklers Wet 2.0
Ceiling t Susp Chnl/Tile 2.0
Total H s7.0

Roof Dead Loads

Name t Lower RooT

TYpe paf
Roofing : Single Ply- 1.8
Deck t MTL DK 1.5/MLMT 2.3 36.0
Structure : Steel Bar Jst 24704’ ).8
Mechanical t Mech A/C Ducts 3.0
Electzical : Elect/MiRghting 1.0
rire PWM\H@:. Het - 2.0
Insulation i E.'_ytd Roof Ins 3° 2.4
COLTTMP ool . e s - 4 0.0
Total ] 47.7
Wame t Upper Roof

Type pst
Roofing t Single Ply 1.5
Deck t Steel 1-1/2" 20ga 2.5
Structure :1 Steel Beams 0.0
Mechanical ¢ Mech A/C Ducts 3.0
Electrical s Blect/Lighting 1.0
Fire Protection: Sprinklers Wet 2.0
Insulation t Rigid Roof Ins 3°* 2.4
Celiling 31 Susp Chnl/Tile 2.0
Total t 14.4

Wall Dead Losds

Name : Exterior Wall

Type pat
Finish t Limestone 5° 68.8
Sheathing [ 0.0
structure t Stl Stud 16ga 4016 1.1
Insulation : Bxp Polysty Rigid 1° 0.2
Finish t Gypboard S/8" 3.1

Total H 73.2

|




Dead & Live Loads

Name t Parapet
Type pst

Finish : Limestone S5°* 68.0

Sheathing H 0.0

structure H 0.0

Insulation H 0.0
~ Finish ] 0.0

Total H 68.8

Occupancy Live Loads

Name psf
Offices Offices 50
office: Corridoer (main} 100
Office: Files & Storage 150a

a, Varieble design load. Increas. wmay be necessary.

Notes

Uniformly distributed liv. icads for suppo:ting membera; i.e., two-way
slab, beam, girder or colimns having an inf uence area of 400 sq ft or
more may be reduced with: L = Lo*([0.25+(15/sc rt(AL))])
The reduced design live locad will net be less than 50% of the unit
live load for members surporting one flror, nor less than 40% of the
unit 1liv~ load for mem™ <= suppzrting t ‘o or more floors.
Exceptions: For live iocads less than 100 i, nc reduction is perait-
- for members supporting floor!s) in the following areas:

—puhlts s-camble

~garages (except whera ? or more I')rore r.s sur-~ov.ed;

-one-way slab floor
For live loads greater than 100 paf and for garages used for passenger
cars only, no reduction is permitted for members supporting one floor;

however, where two or more floors are supported, a 20% reduction is
permitted.
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Minimum Roof Live Load

View Output View Calculations Print File
v
Exit Notepad
View Perspective (3D) Solid Object
Show Loads
None
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Minimum Roof Live Load

Project t Office Suilding - Scheme A
Location ¢ Radford AAP

Design Load : TM 35-809-1 1991

Time : Sat Jan 25, 1992

2222 2A AR 2220220 )] Hinhu. Roof Liv. Lo.d (Lr’ FZ 222X NS 2 2 4 2 )

Tributary area (At) : 96 »f

Roof slope (F) : 0.00 in 12
Lr = 20*R1*R2 >« 12

At <= 200 Rl = 1.00

F <= 4 R2 = 1,00

Lr = 20.00 paf
minimum Lr = 12 psf

+

Lr = 20,00 psf 1

————

+> — &

Check minimum roof live load, Lr, against minimum snow design loads.

Additionally, for the design of secondary members such as roof
decking and rafters, a concentrated live load with 250 lbs uniformly
distributed over an area of 2 feet square (4 sqft) will be included.
The concentrated load will be located so as to produce the maximum

stress in the member.
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A. Select: * Material
* Load Combination
(Live Load Reduction)
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B. Review: * Attributes
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Analysis & Design Philosophy
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. —_—
Selection sent back
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Y
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De+sS Combination
I * ]
| Set Factors
| | Dead: 10
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Dialog Window
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—> In List I
Select Element To Surface One-Way
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Surtace Element Analysis

v

' Preliminary Analysis | >  Use Preiiminary

v

Analysis

-; Units: Feet & Pounds
| (0 Use Actual Properties
| 0O DL=Deck+Self Waight

Decking Analysis
Number Of Spans: 3
Distance From Edge: 12

Starting Span Number: 1
Include Superimposed Dead Load
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! : Analysis
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Surface Element Analysis

1.00 Dead (plf) : 23 : . —

1.00 Superimposed Dead (pif) VL' j]: 47 jlz \'17 I L 47 J?

250
1.00 Snow (pif) jL
AN FAY ~ ~
!‘ 8.0 1l 8.0 Yl 8.0 1[
189.1
157.6
126.1
Sheor (ib)
-126.1
-157.6
-189.1
201.7
Moment (Ibft)
0.0
18- 523
39.4
Datlection ‘ o
126.1 3467 346.7 126.1

Total Combined Load
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Review Spans, Depth Limit,
Wind & Deck Loads &

Deflection Limits
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Y
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Send Member Size
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Steel Roof Deck Design




Steel Roof Deck Design

Steel Deck Selection

STEEL ROOF DECK PRELIMINARY SELECTION

Project: Office Bullding ~ Scheme:A. - Date: Feb:26, 1992
Location: Radford AAP - 5 Engr:
Load and Analysis Data:
Method: Analysis Load Combination: D + S
Member ID: Factored Moments (Ib-ft) |Fact. Reactions
Connectivity: Beam (Left) Load Type Left Mid | Right | Left(ib) Right(ib) |
Beam (Right) Deck| 16.0] 128 16.0 12.0 120
Deck Span: 8 ft Sup Dead| 76.2 60.9 76.2 57.1 57.1
Trib Width= 3in Live
Depth Limit= 1.5 in. max Lmin Roof
Fys=  33.0 ksi Snow| 160.0] 128.0 160.0f 120.0 120.0
Fb=  20.0 ksi Wind
Fvm 13.2 ksi Summary 252.2| 201.7 252.2] 189.1 189.1
E = 29,000 ksl Load Combinations for roof:
Live Ld Defi= L/240 =0.53 in|Load Case#1: D+ S Est. Deck Wgt= 0.8 psf
Total Defls L/180 =0.40 in|Load Case #2: Deck + Wind Wind Load = -40.0 psf
Load Case #3: Deck + Construction 200# Point Load
Deck Configuration:
[ Deck Type: Rooi Deck Celiular:  No |
Code Load Combinations: .
’ Load Fb M+ M- S+ S- Ix
Case | (psf) | Factor] (f-Ib) | (f-b) | (in.3) | (in3) | (in.4)
Number of #1 1.00{ 201.7] 922 0.121 0.055| 0.0001
spans =3 #2 -39.2| 1.33| 293.5| -235.8| 0.132] -0.106] 0.1650
#3 0.8] 1.33| 284.1] -133.1] 0.128{ -0.060
Maximums: 293.5| -235.8] 0.132] -0.1068] 0.1650
Steei Roof Deck Selection Table - Spans = 3
Depth | Sx+ Sx- ix | Dk wgt [Const Span Limit
Deck Type | Gage (in) (in.A3) | (in.~3) | (in.*4)| (psf) | 1 Span 2+Span
WR 20 20 1.5] 0.237] -0.251] 0.207 2.2 6'-3" 7-5"
IR18 18 1.5{ 0.204{ -0.211] 0.222 28 -2" T-4"
NR18 18 1.5] 0.176] -0.182] 0.203 29 5-117 6-11"
WR18 18 1.5] 0.322] -0.331] 0.298 2.9 7-6"| 8-10"
CASM Preliminary Steel Roof Deck Selection:
Deck Type: WR 20| Span= 8.0ft | Depth: 1.5in Description: 2-1/2"Rib@6"oc
Weight: 2.2psf| Gage: 20 Ix = 0.207 _[Construction Load Span Limits:
Sx+ = 0.237 Sx- = -0.251 | 1span: 6'-3" |2+span:  7-5"
Notes:

1. Steel roof deck properties from representative manufacturer's data.
2. Design calculations from SDI Design Manual for Roof Deck - 1987.
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Narrowly Spaced Element Analysis
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Narrowly Spaced Element Analysis

1.00 Decd (pit) 7.2
183.6 1100.8
1.00 Superimposed Dead (pif) SE
296.0
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1.00 Snow (pif) 9 ¥
Ql o
— 240 J'
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Narrowly Spaced Element Analysis
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Narrowly Spaced Element Analysis
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Narrowly Spaced Element Analysis
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Steel Open-Web Joist Design

Barjoist Selection

STEEL BAR JOIST PRELIMINARY SELECTlON

nm.Febze.issa
i 5.'53'5_“2];‘:11'.;;...: T
CASM Load & Analysis Data:
Method: Analysis Load Combination: D + S
Member ID: Factored Moment (ft-lb) |Factored Reaction
Connection:  Hinge (Left) LoadType Left Mid Right | Left(ib) | Right(ib) |
Roller (Right) Dead 518 88 86
Span: 240 ft Sup Dead 13,219 2203 2203
Spacing: 48.0 in Live
Depth Limite 24.0 in. max Lmin Roof
Fym 36.0 ksi Snow 13,451 2,200 2,527
Fbm 24.0 ksi Wind
E = 29,000 ksi Summary 27.188 4,489 4,816
Live Defl= L/360= 0.80 in Moment: (EUL) Reaction: (EUL)
Total Defl= L/240= 1.20 in Total Ld=| 378 pif Total Ld=| 401 pif
tive Ld={ 187 plf Live Ld=| 211 pif
CASM Joist Selection Tabie: (joist capacities)
Spacing{ Total | Live Mmax | Rmax | Live Ld |Total Ld Joist Weight |
Joist Size (in) |Ld(pif)| Ld(pif) | (ftib) (Ib) | Lefi(in) | Defi(in) | (psf) (pif)
20K4 48.0 430 353} 30,960f 5,160 0.48 0.92 1.9] 76
18K5 48.0 434 318| 31,248] 5,208 0.54 1.03 19 7.7
22K4 480 475 431] 34,200 5,700] 0.40 0.76 20 8.0
16K6 48.0 418 269] 30,096] 5,016 0.63 1.21 20 8.1
CASM Bar Joist Selection:
Joist Size: 20K4 | Span: 24.0ft Spacing: 48in_|Total Ld: 430 pifjLive Ld: 353 pit
Vigt(tons): 0.09| Mmax: 30,960 Rmax: 5,160] TL defi: 0.92 injLL defi: 0.48 in
NOTES:

1. Bar joist selections based on 1988 SJI Load Tabies.
Edit spreadsheet stajstk.xs to revise selection table.

2. Approximate moment of inertia of the joist in inches*4 Is:
Ij = 26.767 (WLL) (L*3) (104-6), where WLL = Live Load value in table;

where L = Span - 0.33 in feet
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Widely Spaced Element Analysis: Beam
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Steel Beam Design

Steel Beam Selection

| Location: Radord ase

ST EEL BEAM_ PHEL!MINARY SELEC'TION

Notes:

CASM Load & Analysis Data:
Method: Analysis Load Combination: D + L
Member iD: Factored Moments (k-ft) {Fact. Reactions
Connectivity: Hinge (Left) Load Type Left Mid | Right | Left(k) | Right(k)|
Roller (Right) Dead 3.6 0.6 0.6
Beam Span: 24.0 ft Sup Dead 328 5.5 5.5
Trib Width= 80 ft Live 86.4 144 144
Depth Limite  36.0 in. max Lmin Roof
Fy= 36.0 ksi Snow
Fb=.66"Fy= 24.0 ksi Wind
Fve 14.4 ksi Summary 122.8 20.51 205
E = 29,000 ksi
Liva Ld Defl= L/360 =0.80in { Max: M= 122.8 k-ft R= 205 kips
 Total Defi= L2240 =1.20 in Sx(ren)> 61.4 in*?  |Ix(req)= 386.1 in*4
- CASM Beam Selaction Table:
Depth| Width | Ix Sx | Live Ld [Total Ld Shear [Bencig Beam
Beam d(in) | bf(in) | (in*4) | (in*3) | Defi (in)|Deft (in) fv (ksi) | b (ksi) | Wt (Ib)
W14 x43 13.7 8.00] 428 63} -0.72] -1.03 49] 235 1,032
W12x 50 122 8.08| 394 65 -0.78] -1.11 45| 228| 1,200
W16 x40 16.0 7.00 518 65 -0.60] -0.85 42 2.8 960
W18x40 179 6.02| 612 68 -0.50f -0.72 3.6 215 960
W 14 x 48 13.8 8.03 485 70 -0.64] -0.91 44 21.0] 1,152
CASM Steel Beam Selection: - Live / Total
| W16x40 [Span= 24.0ft I 518 Sx= 65]|Defi(in): -0.60 -0.85
fvm 4.2 fo= 3.8|{Beam Wt(tons)= 0.48

1. Steel beam properties from ASD - AISC Steel Construction Manual, Sth edition
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Preliminary Analysis || Use Preliminary

4

! Analysis

! Units: Feet & Kips

l O use Actual Properties
{ OJ DL=Deck+Selt Weight

fv
l Connectivity
! Left Hinge
[ Right Roller

|
Y

Seif Weight

Add Self Weight
N

Estimated Seif Weight: 73 pif
0 Update Area Structure Loads

! v

Analysis
/ halysis File Name: Optional

Are Correct

Yons, The Loads & Connectivity

View Shear, Moment &
Deflection Diagrams

: Excel Data
*L ® Execute Excel

M Al

108




Widely Spaced Element Analysis: Girder

1.00 Dead (kif) {E'
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0,07 <L 007 <L 0.07 - J
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Steel Beam Design
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Steel Beam Design

Steel Beam Selection

STEEL BEAM | PRELIMINARY SELEC'TION

______ -~ Date::Feb 26,1982 .
CASM Load & Analysis Data:
Method: Analysis Load Combination: D + L
Member ID: Factored Moments (k-ft) |Fact. Reactions
Connectivity: Hinge (Left) Load Type Left | Mid_| Right | Left(k) [Right(ik)|
Roller (Right) Dead 13.7 19] 20
Beam Span: 24.0 ft Sup Dead 80.3 9.1 10.0
Trib Widthe 240 ft Live 179.2 2.8 24
Depth Limit=  36.0 in. max Lmin Root
Fy= 6.0 ksi Snow
Fb=.66'Fy= 24.0 ksi Wind
Fva 14.4 ksi Summary 2729 318 344
E = 29,000 ksi
Live Ld Defl= 1/360 -2.830 i Max: M= 2729 k-ft Re= 34.4 kips
Total Defl= 1L/240 =1.20 in Sx(req)= 136.5 in*3 iX{(reqQ)= 789.4 in*4
CASM Beam Selection Table:
Depth| Width Ix Sx | Live Ld [Total Ld Shear | Beam
Beam d(in) | bf(in) | (in*4) | (in*3) | Defl (in)|Defi (in)X fv (ksi) | fb (ksi) | Wt (ib)
W21 x68 21.1 8.27] 1,480 140 0.43f| -0.65 38 234| 1,632
W14 x 90 140 14.52 999 143| -0.63} -0.96 5.6 29| 2,160
Wi2x 106 129 1222 933 145 -0.68] -1.03 44 26| 2,544
W18 x 76 18.2 11.04} 1,330 146 047 -0.72 4.4 24| 1824
W21 x73 21.2 8.30{ 1,600 151 -0.38] -0.60 3.6 21.7] 1,752
CASM Steel Beam Selection: Live / Total
L W21x68 [Span= 24.01t Ixe 1,480] Sx=  140|Defi(in): -0.43 -0.65
fvs 3.8 fo= 2.7|Beam Wi(tons)=  0.82|

Notes:

1. Steel beam properties from ASD - AISC Steel Construction Manual, Sth edition
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Truss Element Analysis
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Column Load Run Down
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Column Load Run Down

Upper ROOF  (eermmemmseny
L 3

Tributary  Self oL LR LR s
Area  Weight

578.0 8.3 0.0 0.0 14.4

0.5

§76.0 6.4 378 0.0

0.5

Column 8-3 Logd Rua Down [}

T

22.7

742

Sum DLSum LLR Sum S Sum TL

45.7

0.0

37.8

144
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Column Load Run Down

Project : Office Building - Scheme A
Location : Radford AAP

Design Load : T™™ 5-809-1 1991

Time ¢ Sun Jan 26, 1992 1:13 PM

(222222222222 X222 X222 ]d) le. Lo.d R.duccion [(EAA XX R X222 2222 22 24

Second Floor/Lower Roof

Office: Offices {Lo) 50.0 paf
Tributary area (TA) : 576.0 sf
Area of influence (Ai) = 4*TA for columns.

Al = 2304.0 sf

Al >= 400.0 sf

Lo <= 100.0 paf

L = Lo*({0.25+15/sqrt(AL))

L = 28,1 pst

Member supports only one floor.

L >= 0.5%0

0.%5%*Lo = 25.0 psf

L = 28.13 paf

* -
+ — ¢

cesersevsdrtensnnervererwer T iyg Lcad Reduction "~ *veesssssnsevnavarnetvew

Second Floor/Lower Roof

Qffice: Corridor (main) (Lo) : 190.9 psf
Tributary area (TA) : 576.0 sf
Area of influence (Al) = 4*TA for :oiumns.

Al = 2304.0 »f

AL >= 400.0 sf

Lo <= 100.vV wsf

W v Lst[0.254 5/ 0qanina;

L = 56.3 paof

Member supports only one floor.

L >= 0.5*'L0

0.5*Lo » 50.0 paf

L = 56.25 paf

* -
+ — +

XXX AZ A2 22 22 2 2 22 X ) le. Lo.d M“ctlon (A2 IS LA S22 22 22 2 X )

Second Floor/Lower Roof

Oftice: Files & Storage (Lo) ¢ 150.0 psf
Tributary ares (TA) : 576.0 af
Area of influence (Al) = 4*TA for columns.

AL = 2304.0 sf

AL >= 400.0 sf

Lo > 100,.0 psf

Member supports only one floor.

No live load reduction taken.

L = Lo

L = 150.00 psf !

* -+
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Steel Column Design

Steel Column Preliminary Selection

STEEL COLUMN PRELIMINARY SELECTION

CASM Load & Amlysis Data
Method: Analysis Load Combination: D + L +S  Steel Fy=  36.0 ksi
Member ID: B-3 Size Limit=  16.0 in. max E= 29000 ksi
Firto | Trib |Floor Level Load Totals (kips) Load
Name Level | FirHt | Area | Dead | Live | Lmin | Snow | Wind | Totals
6
5
4
3
Upper Roof 2 14.0| 576 8.8 14.4 23.2
Second FiooriL| 1 140| s76] 457| ars 14.4 97.9
CASM Column Selection Table
Level: 2 Preq: 232 kips K-value: 1.0 Cc= 126.1
ColShape: W Length: 14.0 ft ki: 14.0
Depth | Width | Area ry kvr Fa fa | Pallow | Weight
Column Size | d(in) | bf(in) | (sqin)| (in) (ksi) | (ksi) | (kip) | (ton)
W6x15 599| 5.99] 443] 1.46[115.07] 10.98] 524] 486| 0.11
W5x16 5.01 5.00] 4.68] 1.27|132.28| 8.45| 4.96] 39.6| 0.1
W8x18 8.14 525| 5.26] 1.23|/136.59] 7.78] 4.41 40.9 0.13
W5x19 5.15| 5.03| 5.54| 1.28|/131.25/ 8.61] 4.19} 47.7] 0.13
W 8 x 28 8.06] 6.54] 8.25] 1.621103.70| 12.50] 2.81] 103.2] 0.20
CASM Stee! Column Selection
Depth | Width | Area ry ki/r Fa | Pallow | Weight
Column Size | Level | d(in) | bf(in) | (sqin)] (in) (ksi) | (kip) | (ton)
W8 x28 2 8.06] 6.54] 8.25| 1.62]103.70] 12.50| 103.2 0.20
W8 x 28 1 8.06] 6.54] 8.25| 1.62|103.70| 12.50{ 103.2] 0.20
Total Column Weight:  0.20
Notes:

1. Steel column properties from ASD - AISC Steel Construction Manual, Sth edition
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Define Lateral Resistance
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St J
¥
Use Loads & Design
Tool Palette
i
v N
Load Combination f Use Load
Dew Combination
v
% Set Factors
: Dead: 10
i Wind: 10
Y
: l Add
| 7
l OK Button To Close
| Dialog Window . i
! s
|
Highlight D+W
— In Ust
Define Member Select Second Floor/
Properties Lower Roof Horizontat
— Structural Plane
Beam Properties |> Use Modify Design
ME— T ]
Select Beam On
NS-1
l Y
: Design
! Material: Steel
* Description: W14x48
© Waeight: 48.0 pit
Modulus Of Elasticity: 29000 ksi
, Moment Of Inerta: 485.0 in4
Cross Sectional Area: 141 in2
Number Of Shear Studs: 0
v v v
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Wind Lateral Analysis

y «

Y

Define Properties Beam Properties

Use Copy Design

Y

Y

Select Beam With
Properties

¥
Select All Other Beams

| Usad For NS-1, NS-2.
NS-3. EW-1. EW-2

v

Double Click Right
Mouse Key To End
Copvino Designs

Column Properties

~3 Use Modify Design

|
|
|
1
{

\'4
Se! .2 Column Cn
NS-1 J
!

!
Y

t
i
H

Design
Material: Steel
Description: W8x48

Waeight: 48.0 pif

Modulus Of Elasticity: 29000 ksi
Moment Of Inertia: 1840 ind
Cross Sectional Area: 14.1 in2
Number Of Shear Studs: 0

v

Use Copy Design

v

Select Column With
Properties

N
! Select All Other Columns

Used For NS-1. NS-2.
NS-3. EW-1. EW-2

Y

Doubie Click Right
Mouse Key To End
Copying Designs
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Wind Lateral Analysis

Y.

Y

Define Propertes

Select Upper
Root Horizontal
Structural Plane

\'2

Beam Properties

Use Modily Design

)
!
|

)

|
i
.

S
i

Y

Select Beam On
NS-1

\'4

Design
Steel
W12x22

22.0 pif
29000 ksi

Mateniai:

Description:

Weight:

Modulus Of Elasticity:
Moment Of Inertia: 156.0 ind
Cross Sectional Area: 6.48 in2
Number Of Shear Studs: 0

A
v
Use Copy Design

¥

Select Beam With
Properties

v

Select All Other Beams
Used For NS-1. NS-2.
EW-1, EW-2

—

Double Click Right
Mouse Key To End
Copying Designs

Column Properties

Use Modity Design

Y

Select Column On
NS-1
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Wind Lateral Analysis

' Y f

Define Properties Column Properties *
| ‘
:; Design
i | Material: Steel
, | Description: w8éxdas
; . Weight: 48.0 pi
y | Modulus Of Elasticity: 29000 ksi
i } Moment Of Inertia: 184.0 ind
, Cross Sectional Area: 141 in2
’ Number Of Shear Studs: 0
| v
! Use Copy Design
¥
Select Column With
{ Properties
| v
' Select All Other Columns
. Used For NS-1. NS-2. I
i EW-1,. EWC 1
Double Click Right
Mause Key To End
Copying Designs
Select Second Floor/
Lower Roof Horizontal
Structurai Plane
. Use Lateral
Lateral Analysi
s Resistance Design
, . |
4
' Select NS-1
; | v
Analysis
Units: Feet & Kips
] Use Actuai Properties
OL=Deck+Self Weight




Wind Lateral Analysis

l

Lateral Analysis

A ] lg Hing.

Y

Connoa.m'ty

¥

Repeat For All
Supports

v
Lateral Resistance
Verily All Rigid
Connections
v
Yes, Properties
Are All Correct

¥

Wind Load Opﬁons e T AT™

Wind Direction: South
When 2 Wind Loads: Max. Suction
Wind Load: GCpi=0

v
| Flexible Diaphragm
| ® Simple Beam Mode!

v

Rigid Horizontal Diaphragm
Calculations

File Name: Rigidout txt

Consider Perpandicular Wall .

¢ ’ Ar TR '.‘ o 1-4“ _"”. ’
View Loads . : s

: e
¢ S Y D g
S it piN ThiN

‘OO .- WY.L TR
Analysis
Analysis File Name: Optional

Yes. The Loads & Connectivity
Are Carrect

¢ T

View Shear, Moment, Deflection i !
& Reaction Diagrams '

View Output

> Print Data

&J Rigid Diaphragm
CJ Al Other
Print To File
Execute Notepad

!
v
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Wind Lateral Analysis

Y Y
View Output Scroill Output
Y
Page Setup

‘ Left Margin: 0Sin
: Right Margin: 00 in

. Exit Notepad
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Wind Lateral Analysis

2 ) (s \/:\ )
\, 4 N
240 ] 240 ' 240 ,
N2 x22 | N12x22 i wugzxogz ! .
S i X2 Cexbe _ng
£=29000 Py
1=156.00 1=156.00
WB8k48 48
w=dB 00 00
2’1 .10 3 14,0
1=184.00 .00
W4 x48 W14 x48 .
£ £=29000
1=485.00 1=485.00
L] 48
w-o K.$ 00
M%g .10 140
|£=| .00 .00
--------- AT T T —h — - L0
Properties: w (pif), A (in2), E (ksi), | (ind)
o~
| 2 ) ()
24.0 24.0 24.0
] | ) 1
| I | |
Flexible: Simplt,
004 t 008 004
2 2. 1.
140
% ? © %.»-JR-R""; - 4140
14.0
_________ S S A (U T
N N 2 N
@ ————

1.00 Wind (Wf) -- NS-1 -- 7, 32%
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Wind Lateral Analysis

QA O G
24.0 — 24.0 — 24.0
: 88 276 276 168
0.06 & 0.06 i 0.06
4
1.25 1.23 ~1i87

21

() )
240 ~— 240

’7

qi2 1.02 9.52

24.0
I

0.02 0.02 0.02

0.07 0.05 0.07

A P B e . N

1,00 Deaa (kif)

—|-14.0
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Wind Lateral Analysis

—3306— 3586 —— 506 —+506— ~3-956— 0856
Q. 1940~ 1 JOC 1.97¢
|
1.47C 241 2.’*& 23¢€
+936— +336— GHE HE —0F — — —06F —
365C 430C 4179C 4206C
31pc 43. 42, 421X

Totol Combined Load -~ Axiat (k)

“stal Combined Loog - - Noment tkit)
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Wind Lateral Analysis

e —— — . = =
Total Combinea Load —— Oeflection
1.65 278 2.78 18,
» m:’g9 tu b 0.04 ;‘T{ C.od ‘.J:_‘"i"
R - 5 2
¥ 4 g 4
1.33 wh2 1.07 \ 1.33

rrrrirry 111 1 L,

0.p7 0$7 0.7 057
095 2& 2.92 21

357.42 43.89 4248 4273

Total Combined Locd -~ Loads & Reactions (k)

3.5
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Wind Lateral Analysis

Project : Office Building - Scheme A
Location : Kadford AAP
Time : Wed Feb 26, 1992 3:56 PM

(AR ASAARE22R L) Riqid Ho!i:ont‘l Dllphth‘ c.lcul.tion’ (Z2 X2 22222222 X 2]

Center of Rigidity

Name h I Av Deflection Rigidity R/ x R*x
(£e) (ft 2 4) (££+2) (in) sum(R) (fr)
NS=1 14.0 0 0 0.101 9.917 32.48% 0.8 8.264
NS=-2 14.0 0 0 0.101 9.917 32.48% 48.8 484,294
NS=3 14.0 0 0 0.093 10.697 35.04% 84.8 907.432
Sum 30.531 1399.991
Centroid from lower left = sum(R*x)/sum(R) 45.85 ft
Maximum dimension : 85.67 ft
Eccentricity (e) = centroid-(max dimension)/2 : 3.02 ft
e min = 0,.05*max., dimension s 4.28 ft
Eccentricity (e) used for torsional analysis : 2,02 ft
e min considexed only for seismic analysis.
Name h I Av Deflection Rijidity R/ x R*x
(fe) (£t d) (£e~2) {in) sum(R) (£e)
EN-1 14.0 0 0 0,078 12.733 50.00% 72.8 331.750
EW=-2 14.0 0 0 0.078 12.793 S50.00% 0.8 10.661
Sum 2:.56e6 542.411
Centroid from lower left = sum(R*x)/sum(R) : 36.83 £t
Maxisum dimension : 73.67 ft
Eccentricity (e) = centroid-(max dimension)/2 : 0,00 ft
e min = 0.05'max. dimension : 3.68 ft
Eccentricity (e) used for torsional analysis : 0.00 ft
e min considered only for seismic analysis.
Assumptions used:
Deflections calculated by aspplying a 1 kip load,
Name h Rigidity dx R*dx R*dx*dx R*dx/
(£e) {f£e) sum(R*dx*dx)
NS-1 14.0 9.917 45.0 446.487 20101.310 0.00641
NS=-2 14.0 9.917 3.0 29.543 88.007 0.00042
NS-3 14.0 10,697 3%.0 416,944 162%2.029 0.00599
EW-1 14,0 12.793 36.0 460,545 16579.613 0.00662
EW-2 14.0 12.793 26.0 460,545 16579.613 0,00662
Sum £9600.573

Shear distribution
Torsional moment

Toersional component
Total shear to element:

: Fv = V*R/sum(R)
P Mt = Ve
: Ft = Mt*R*dx/sum(R*dx*dx)

Ftotal = Fv + Ft
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Start

Y
Use Loads & Design
Tool Palete
Y
Load Combination Use Load

D+E Combination

! v
Set Factors
| Dead: 10

‘ Seismic: 1.0
! Add

OK Bution To Close '
Diatog ‘Wiadow J

Highlight D+E
In List

v

Calculate Seismic . Select Lateral Force
Loads ] ReviewCriteria |- Resisting System As C.3.a.

-

Spectrai Plots
View Spectral
> @ Ct=0.035 For Steel Moment

Plots
——— Resisting Frames
|
|

: : View Base Shear
| ! Spectrum (2ZC)

v

Print Screen

—— U=

SR>

View Design Base -
Shear Coefficient
Spectrum (ZC/Rw)

,--;---;-.:---

A\ v v
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Seismic Loads

y

. Calculate Seismic
Loads

View Spectral

A

Y
Calculate

Y

Review Plan
Structural Irrequiarities

Vi
Review Vertical -}
Structural Irregularities

Y
t

@ C1=0.035 For Steel Mor ent
Resisting Frames

Y

Print Screen

Y

Close Spectral Plots
Dialog Window

IR IR D

—_ vy o

Beam Self Weight '
Estimated Self Weight: 45 plf

v

Column Self Weight
Estimated Seif Weight: 45 plf

i
|
!
[

|
Y

Center Of Mass
L File Name: Centrmass.txt

y’

I Seismic

! Yas, All The Loads Have Been
Applied To The Structure
< And The Correct Load
Combination Selected

View Output

= Print Data

g Seismic

G Center Of Mass
C] Al Other

(J Print To File

] Execute Notepad

v
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Seismic Loads

Y

View Output

Scroli Output

Y

Page Setup

Left Margin: 0Sin
Right Margin: 0.0 in
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Seismic Loads

152




Seismic Loads
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Seismic Loads

Project : Office Building - Scheme A
Location : Radford AAP

Seismic Code: TM S$5-809-10 1991

Time : Sun Jan 26, 1992 1:40 PM

‘ananbteraereroervesetranenete Seigmic Analysis

3., Upper Roof
2. Second Floor/Lower Roof H

X s 22X 2R S22 R X2 2 A A A R A0

194.9 k
€86.9 k

Total Building Weight (W)

Tt eTRERRNCRNTEFISIRRISIICTRICPORRRERNY N o S gnd B - W

Zonet 2A: 2 = 0.150

Importance Category: IV: I = 1.00
Soil Factor: S3: 8 = 1.5

System: Cla: Rw = 6

Ct = 0.035

hn = 28.0 ft

T = Ct*hn*1/4 = 0.43 sec

881.7 k

I T2222222222 22X 2 22 2 22 2 AR dddddd

C = 1,25%€/742/3 = 3.29 > 2.75
c=2,75
C/Rw = 0,458 > 0,075
W= 88l.7 k
V = Z*I*C*¥/Rw
P L L e L L L TR Py
) V = 60.6 k i
+ - -y - - -
T </ sec
+ —-—--w -
1 e~ n 0,0 k
+ ————
| V-Ft = 60.6 k |
Floor to weh/ sum(r)
Level h Floor h w sum(w) w*h sum(w*h) F v
(€43 (£e) (k) (k) (kfL) (k) (k)
Ft = 0.0
3 28.0 195 5457 0.362 21.9
14.0 195 21,9
2 14.0 687 9616 0.638 38.7
14.0 882 60.6
1 0.0
Sum 882 15073 1.000 60.6
Floor to sum(F) Ft+sum(F)/
Level h Floor h w sum(w) v o™ sum (OTM) sum(w)
(£e) (fe) (k) (k) (k) (kfe) (k£t)
3 28.0 195
14.0 195 21.9 107 n.113
2 14.0 587 107
14.0 8082 60.6 849 2.069
1 0.0 1156
Sum 882 1156
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Seismic Loads

Project : office Building - Scheme A
Locatien : Radford AAP
Time : Sun Jan 26, 1992 1:40 PM -

crennteRNeaseseneRNeRERR eI ener Conter Of Mass IR 22222 22222222 A2 2l lldl

Upper Roof -- 28,00 ft
Name Weight NS NS*Weight EW EW*Weight
(k) (£t) (kL) (fe) (kft)
Exterior wWall 36.9 36.8 1358.9 0.8 30.7
Exterior wall 24.6 0.8 20.5 24.8 610.8
Exterior Wall 36.9 36.8 1358.9 48.8 1801.6
Exterior Wall 24.6 72.8 1791.4 24.8 610.8
Upper Roof 49.8 36.8 18331 24.8 1235.9
Beam Self Weight 18.4 Jé6.8 676.3 24.0 455.9
Column Self Weight 3.8 36.8 139,2 24.8 93.9
Sum 194.9 7178.2 4839.6

N-S Center Of Mass: 36.83 ft
E-W Center Of Mass: 24,83 ft

Second Floor/Lower Roof -- 14.00 fe
Name Weight NS NS*We'ght EW r.N*Weight
(k) (£e) (r.zc) (£e) (k£t)
Second Floor 72.9 12.8 93%5.1 24.8 1809.5
Second Floor oV, 7 30.8 2£36.8 28.8 1750.8
Second Floor 72.9 60.8 4432 .6 "4 8 1509.3
Lower Roof 123.6 36.8 4554.0 66.8 8263.2
Zxterior Wall 73.89 36.8 2717.8 0.8 61.5
Exterior Wall 24.6 0.8 20.5 24.8 610.8
Exterior Wall 36.9 36.8 1358.9 48.8 1801.6
Exterior Wall 24.6 72.8 1791.4 24,8 610.8
Parapet 9.9 0.8 8.3 66.8 662.1
Parapet 19.8 36.8 729.8 84.8 1680.9
Parapet 9.9 72.8 721.6 66.8 662.1
Beam Self Weight 24.8 36.8 914.9 36.2 899.9
Column Self Weight 5.7 36.8 208.8 36.2 205.4
Exterior Wall 43.0 0.8 35.9 42.9 1843.6
Exterior Wall 36.9 36.8 1358.9 84.8 3129.7
gxterior Wall 43.0 72.8 3134.9 42.8 1843.6
Column Self Weight 3.8 36.8 139.2 24.9 93.9
Sum 686.9 25299.0 27738.8

N-S Center Of Mass: 36.83 ft
E-W Center Of Mass: 40,39 ft
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Use Loads & Design
Tool Palette
Load Combination '» Use Load
D+E ‘ | Combination
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Y
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Draw Structure
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v

v
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Roof framing

Draw Surface
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v
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Mouse Key To End
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>
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- ax™ dies

2
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v
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Mouse Key To End
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v
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v
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Mouse Key To End
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Seismic Laterai Analysis

Y

View Output

Scroli Output

Y

Page Setup

Left Margin: 05in
Right Margin: 0.0 in

Y

Print File

v

Exit Notepad

End
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Seismic Lateral Analysis
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Seismic Lateral Analysis

T—ZB.O
14.0
4.0
14.0
—-0.0
Properties: w (pif), A (in2), E (t.si), | (ind)
77N\ s
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Seismic Lateral Analysis

OO O NG
= 240 24.0 24.0

. A . ) i
1 b8 2be 2b6 1.58
{b 0.06 yb 0.06 % 0.06 exivle: Sipple
140
' T T T &l 114 dmf,,
140
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0.07 0.05 0.07 140
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1.00 Dead (kIf)

162



Seismic Lateral Analysis

406~ F480— 466 —d 56 24—
! JSC 4 4
2.94¢ S.+)( 5.
NG 3946 —82— —&-826— 3556 3556~
35.05C 4746 44, 45.
3sfc 4783 4 §7C 4743

VAN VAN

Total Combined Load —— Axial (k)

1.12

1.12

1.4?

3681
3.68
368

3.6,

Totol Combined Lood -~ Sheor (k)

uﬁ" 4 05 1.05

12.02 124 3.96

15.94 11.81

264 581 483 079 ,
e 592
11.05 6.96
157
312 10.10
489 3684 '\
18,
) 8
528546443
\
4190‘-
20.95‘\1

Tolol Combined Loog —- Moment (kit)
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Seismic Lateral Analysis

AN AN

Total Combined Load —- Deflectin

276 276 165
0.08 0.08 JL 0.08 Jb
! |
o7 oi'/ of
4
M AP A |
0.b7 0p7 087
6.11 5.29
3572 783 4487 743

Total Combined Lood -~ Loods & Reoctions (k)

999
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Seismic Lateral Analysis

Project : Office Building - Scheme A
Location : Radford AAP

Seismic Code: TM 5-809-10 1991

Time : Sun Jan 26, 1992 1:43 PM

tvenecasnenncerere Sgigmic Lateral Resistance Locations +verewsenscsvensene

- ———-

NS=1 -= F, 32%

Floor to sum(F)
Level h Floozr h F v OTM sum (OTM)
(£e) (£e) (k) (k) (kft) (kft)
3 28.0 21.9
14.0 21.9 307
2 14.0 38.7 307
14.0 60.6 849
1 0.0 1156
Sum 60.6 1156
NS=2 -~ F, 32%
Floor to sum(F)
Level h Floor h F v OT™ sum (OTM)
(£t) (fe) (k) (k) (kfe) (kft)
3 28.0 21.9
4.0 21.9 307
2 14.0 38.7 307
4.0 60.6 349
1 2.0 1156
Sum - 60.6 1156
NS-3 -- F, 35%
Floor to sum(F)
Level h Floor h F v OT™ sum (OTM)
(ft) (fe) (k) (k) (kft) (kft)
2 14.0 38.7
14.0 38.7 541
1 0.0 541
Sum 36.7 541
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Quantity Take-Off Philosop!

3 Considerations

1. Onae typical interior bay (exterior side bay, corner bay)

2. One typical floor lavel and roo 'evel

3. The entire building struct.ral systeiti

, Estimated weights are not used
for quantity take-offs

’ Elements designed by Excel
spreadsheets are used

Use Modify Design and Copy Design
7 | to manually enter slement sizes

| Calculated square footage
can be overridden
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Use Loads & Design
Toal Paiette

¥

Select Second Floor/
Lower Root Horizontal
Structural Plane

i

v

Design All Elements
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Quantity Take-Off

Design Surface

Elements T—)i Use Modify Design

v

Select A Surface Element
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¥

! Daeosign
Maioiial;

Waeight

Concrete Waeight

Concrete Weight
Depth:

Description: Mt Dk 2°-20Ga/NLWT 2.5"

Steel

1.99 pst

145.0 pct

42.0 pst
45 in

v

Use Copy Design

Select Surface With

Properties

v

Elements On The

] Select All Other Surtace
Second Floor

v

Double Click Right
Mouse Key To End
Copying Designs

Design Beam
Elements

I“) Use Copy Design

v v
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Quantity Take-Off

: !
¢ v v

Design All Elements Design Beam | : Select Third Point

To Include In Elements ! Beam With Properties
Quantity Take-Off

Y

Select All Other Third
: Point Beams

Y

Double Click Right
Mouse Key To End
Copying Designs

|
|

| v

Use Copy Design
'—_ -
1 V 3
‘ Select Girder

'l With Properties

-

Y .
Select All Other _]
X : Girders

Y

Double Click Right
Mouse Key To End
Copying Designs

! Design Column [_, Use Copy Design

¥
Select Interior Column
wWith Properties

i
i . Double Click Right
| ' Mouse Key To End
Copying Designs
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Quantity Take-Off

Y Y
[
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Y
Select Beam |
|
Y i
Delete |
; v |
‘ Repeat For All !
Elements Supporting }—
Lower Root
: Y
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NS:. 72
{ Ew: 4@’
¥
| View Output —i{ Servii Gutput
’ v
, Page Setup
' LeftMargin: 0.5in
Right Margin: 0.0 in
4
3 Print File
| Exit Notepad
v
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Quantity Take-Off
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Quantity Take-Off

Project : Office Building
Location : Radford AAP
" Time : Sun Jan 26, 199

- Scheme A

2 1:57 PM -

CANPTCECRVOICQRIINSCECTRERCORORNGTTY Quantlty Tak@-off *ttevecacresentsatetndocecee

Sec

ond Floor/Lower Roof

Plan Area: 72.0 ft x 48.0 ft: 3456.0 sqft

STERL: Narrowly Spaced Elements
Weight/ Total
Description Length Weight Element No. Weight
(fe) (plg) (1lbs) (1bs)
24.0 0.0 0.0 24 0
Sum 0
Total Weight : 0.0 tons
Weight Per Square Foot : 0.0 psf
STEEL: Widely Spaced Elements
Welght/ Total
Description Lengtn Weight Element No. Weight
(£t (plf) (lbs) (1bs)
W 14 x 4R 24.0 48.0 1152.0 10 11520
18.0 0.0 0.0 ] [+]
W2l 2 6b 24.0 68.0 1632.0 4 €528
W 16 x 40 24.0 4r.v 99G.0 13 14400
24.0 0.0 0.0 3 0
Sum 32448
Total Weight H 16.2 tons
Weight Per Square Foot : 9.4 paf
STEEL: Surface Elements
Total Cone Cone Total Weight
Description Depth Ares Weight Weight Weight Conc
(in) (sqft) (psf) (pcf) (psf) (lbs) (lbs)
Mtl Dk 2°-20ga/NLWT 2.3° 4.5 2890 2.0 145.0 42.0 $731 120960
Mtl Dk 2°-20ga/NLNT 2.5°" 4.5 384 2.0 145.0 42.0 764 16128
0.0 2592 0.0 0.0 0.0 0 [¢]
Sum 6495 137088
Concrete Cubic Yards : as.o
Total Weight H 3.2 tons
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Quantity Take-Off

STEEL: Column Elements

Weight/ Total

Description Length Weight Element No. Weight

(£t) (plf) {lbs) (lbs)
W8 x 48 14.0 48.0 672.0 10 5720
W8 x 28 14.0 28.0 292.0 2 T84

14.0 0.0 0.0 6 0
Sum 7504
Total Weight H 3.8 tona
Weight Per Square Foot : 2.2 psf
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Concluding Remarks

Schemes A, B and C were developed to permit exploration and instruction of the broadest possible range of
CASM capabilities. The schemes should not be viewed as completely logical structural framing soiutions to
the given design parameters, nor as necessarily economical. Each of the three schemes contain a vanety
of elements, which if properly combined and interchanged might produce “real” schemes for consideration
at a 35% review.

Exampies of unlikely components assembled in schemes A, B and C include: (1) concrete as a decking for
the low roof, (2) custom made trusses for the low roof framing, (3) prefabricated limestone wall paneis mixed
with cast-in-place concrete shear walls, and (4) non-composite steel beam framing for the second floor.

A logical steel framed beam/column solution for “real” consideration would include open web steel joists
spanning48(eetfortheuppermoﬂoelininateacommlcolmnninmoseeondﬂoofspaoe.Thelowerroof
would be framed with 36 foot span open web steel joists (without inclusion of custom trusses) as in scheme
B. Both roofs would be sheathed with a metal roof deck without concrete and both would become flexible
diaphragms. The second floor would be framed with composite steel beams as in scheme B and remain a
rigid diaphragm. Two lateral load resistance system options could be compared. One scheme couid include
a moment resistant frame approach similar to scheme A, while a second approach imight incorporate trussing
similar to scheme B. The non-loadbearing exterior envelope is open to a variety of possibilities. The
Architects will likely dictate the aesthetic expression. The foundation system would be a combination of
isolated and linear spread footings.

A third logical solution would be a masonry bearing wall system to suppoit the sisel opsn-web joist roof
planes described above. The second floor plane might be constructed of pre-cast pre-stressed hollow cored
planks, which wouid also bear on the walls and a central steel girder line. Some of these walls could become
shear walls for lateral load resistance. Thus the exterior envelope and the interior partition provide a structural
function, eliminating costly moment connections and columns within the exterior wall layout. Footings are
now all linear spread footings with only one isolated footing.

ltisunlikolyﬂ\atarsintoroedoonaeteframowouldpManeoonomiealsoluﬁonfora1-Zstoryoff|ca
building.

The structural engineers that become proficient with the use of CASM wiill be able to explore many other
ideas to arrive at the most structurally efficient and economical solution for this hypothetical project.
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Concluding Remarks
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Conciuding Remarks
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